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(57) mmi 

(1 1) m±©LED. sfciis 

(10 0) ±T-fiifflWftg^<te<DPltg*^< (D#fe)^ii*^ 

)tu ^©tr-i.%fi)tt:-A;^:/y-y^gsg (so) 

0) ti. l-:3(Dii)t4^«£D)t%LCDSK^^I^gg (5 
2) CT^lRimtSo LCD?SK)t^iag§ (5 2) ® 

(16 0) ±n:-7-:^yi7-r5ll^(ca^^!±i;':SI)ti 
^t-zi/^-^a^-rSc sfc. Biicw^-tv-y- (234) 
{cj:Ds rvy'?' (10 0) m^oa!iio^)ti4!8 
I* (1 6 0) icmmWL&m^^ftm^mvucmiRv 




1 

Ci«*« 3 ] ma^m^mMm^m^ l c d e 

[000 1] 

J: tf^HWtc tf:- A ^^p-r 5 c i: C j: o T^)t14^« 
[0002] 

So CRT'<-X<DrU>^T'«, Beta's (CRT) 

;&Sgs-r«!t46{c. x->*^';VT-;5fA^j^ffl?n5o cr 
A^^SfScticfct), SJti^;i/4^-^««-r5o 

f^tJUtC, )t8!Jtx:^;l/^-as *il!|#fl=S4 7 2 8 9 

6 5€ (Ke s s 1 e r^) (cr^l/T^^n?) 

■^-^-T.ofvyi'ic^^^x. ^-oe-Afis 



(2) #^200 2-20 5 4 26 

2 

[0 0 0 3] CRK-T.oyvy-}'. RXSU-^-^ 

10 mm^m^ti^&^o 

[0 0 0 4] m^lf. ^B^x/WX (LCD) . ^fcii 
xv^^;l/V't'i7a = ^— r/WX (DMD) ^^mLtc 

$m^<r>Hm(o^^%(o±m^imviis\>^Xs m^^ 

[0 0 0 5] Jl^E^ffl^tlTV^S 2-3CD»*^'l'7°©?S 

il'«?cD7U-l'S«%S)SL/-c^e-A*Sil-r5Ci:tC 
cfc-3T«)<. ^©tttcM^«nfcS2 0^?'frtt. S*f 

^A^^sf.t^fi:. m^(D7\y-fmm^mLxs.^-^nrz 
s L c DK^^^myt^m^<Dm^^Mt. mmcuo 

[0 0 0 6] iJ!*, L C DS^Jt^PSifi, *a#fFS 
532513 7^ (Konn oH) tBS^SnSJ:? 

jl«!T-rx:^WOxi^^';i/S^s/XrAfflJc, 2a 

t>*?Kil1tfF^5 80880 0^(Handschy§) 

fieffl^nSLCDrni/'x^^f. SO'fi'Xrb^O^ 
lt«> -iiSWtC, ^t4gl!|frFS5 7 4 3 6 1 0^ (Y a J 
imaH) fcfeV'«TSI^«nS<fc3fC, jgfeOS'trfCj^ 
UT 1 O%ffiffltS«<0, 1 J^t±0$H)tS:ai8%S5fflt 

So 

[0 0 0 7] •/Di^x^'^'. Stf-r-i-xyWfflO'TpJ 

-i'yyoigj.g^feff (*ai|ffi=S5 3 2 5 1 3 7^, m 

5 8 0 8 8 0 0^, Rt;^5 7 4 3 6 1 0#fCtJV>Tj-^ 

50 lf«^ca^stv^9ct^i:aBf sct«^js-pfes. 



(3) 

3 

a. APH^^iRMtcWLT^ Rtfa^O^i^-tt^cJ^ 
LT, i:3Tv^ r^:*:j T'ttfti/^ iKDfcft, BiWJffllc 

£>S*#OMT*S5o AHoatc^fflsnSi:, SWi' 
;^TAfeJ:tf^^J/;^TA«, m^^f. 7 2 d p i 

^KraSSx Iftc. v/7.xAtcJ;^Ttt8 0 00 20 

a^*^ e. iSj^^aenw ^ x-o-r p« - ^*ffl^oiEHc 

[0 0 0 8] fetlc. ^HJt^iigtil*. »fflfeJ:t;At 

JKfflltfFmS 5 2 1 7 4 8^ (S a r r a f ) fCg^^n 

ItfFllS 6 52661^ (Gal 1 ipea u^) (CiB 

*9]8iiv'XxA{i:WbTll^^nTt/-Cc *l|ittffFm5 
46141 l^(C^N$nTV^S<t5^T4^-9-X-Y>'7.^y 
/MyyDMD^<^ffl-r'& lOOZT'a-^fi, 5|^ffl!|f 
fpms 5 0 4 5 1 4#fC^SnTV>SJ:'5*, JtiSfcb 

(om^. DMD«iiiffiT'fe?)s j;'?iiEv>iBifRa©ie>s* 40 

[0 0 0 9] S5Jti!ia:/'j:/:?ffl©»f L.v>77a-^ 
mt. ^^"^^mm-^-jmtt^mMcnLx. <g®ffl 

ffifflfS^SyU^^fi. JKHIfPFSS 6 5 2 6 6 1 50 
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^5 7 0 1 1 8 5^ (R e i s s^) . RtfSS 7 
4515 6#(Federic o^) tcMS^^nXl^. 

■h\ )m<Dmmici5if^icinc'D\,^x(D^Rii, ±3 

[0 0 10] itUT, ri^?;l/B«!0«)mifg. Rt? 
ti. -at 100^^%7b-A(Dil^%4^So LC 

sit tt^»-rsfci6fc> ffisjtwr^fcit/ 1 -0(07 u 
[00 1 1] LCTH$.m^mm-rziz^^<ofv>^m 

mis *H#rF^ 5 6 5 2 6 6 1 ^*5<kr>*^ 5 7 0 1 1 

8 5^ti:F^^^ni)J;9tc> SiSlt^M^t^lBSitbT 
LCD^^gffl-rSo L*^L, R ama n u j a n^GJ: 
« rg|t1t}K^^ii#g-^-X<DEnBiJ->XxA (R e f 1 
ective Liquid Crystal Modu 
lator Based Printing Syste 
m) J i:ffl€tlS> 1 9 9 8^1 1^19 Blcmmtn 

tznmicmm-^titzm^^m^mmmtiimfso 9/19 

7 3 2 8-^tcgg^^nSJ:'5{c. 5«14LCD7U'^(D 
St«^n/'c-9-'i'X**5^Z>*14t&«ptt{i> coSffi^, Sf* 
0*5-?KEnBiJ©af nSf^^t Lfc, R a m a n u 

j a n©m^(c*5V>T^'<e.n?.J:9(c. ii'y-WMffi 

mii. m^y5^X'mtnzm^<oij7-^m^^''St 
■rso /2;^i^t--Ax:r>j-y^f+ 

?-OJ:3^:/Uy:5'cD)t^->XxAtt. ;d5-EnBiJffl^ 
7i';VAEnSiJ<D®7l£J!iiSi^XrACD^StCfcV^T. 

[0 0 12] wmw\'^tc\,t-iy'^:^-'^^fj-^^'>u 

7^)\yL (COM) -{:^-'yy^. y^-i^y^ifs 
&r>' fl&0#»{k b /c:#fe-Y p< - > i^ffl^<OEnBi]'>X T 
Atts )t¥->'XrAfC«LT^<0!WFWOiSS?-^l^-r 
5„ cOM^^tcfcv^T. m«^l2ii*3J;i>'1^^ 
0jfigOfc46{c7-:*'i'7tcAnP>nSo '(tf*0;«37-¥ 



(4) 

5 

vt--^ o^ST'ffiffl stxi. <fc 9 ^n^PsoiKiiffl icm^ 

[0 0 13] 5lJg*3y^7x^^c^^•r§ie^s^mc^!Ia 

m^ii. coummt. mi^-oX4oxL:i±t\^^o 20 
iii0i?«f*±K:E[]sij$ns. ^fiswc, m^mmmw 

[GO 1 4] fif5feOC0M7'J>'^'«v CRT^-XCO 30 

SfeWSSo ^Jx.l4\ ?KH#f'FS4 6 2 4 5 5 8# (J 
0 hn s o n) tcrjS^^n*J;'5tC, COMfflj^OCR 

A<S5o ^mmmmA 7 7 7 5 l 4^ (T h e e rl?) 

m%f-srim^ni£^ji^rj:\,^(ox\ -^-^xt^moum^ 40 
COO 1 5] coMi'p<-'>*y^'c^gffl^ns^6fc« 

'I'-X h-ryn^-y i'ttC J:-3Ti!!ji*nS 4 8 0 OS 

K 4^ a > h 7 - * 7 5 - fc *3 V ^ T ffi ffl ^ n -5 J: 
»^Jfe^^'l';i--K (LED) 7U-l'^OU-7 
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0 3 09 7 0^ (R a u^) fcM^*ni.J;-5%> V~ 
[0 0 16] tif3RC0C0M:/"«;y:SfOJ§Sp(r)>:^«, c 

mm(ocoumwLf:-mmx'^rj:\,\ ^^n^ommo 

$ ntzmwm <r)y^ ;i/ Affisa - >y h . t a 7 -r ;va 
[0 0 17] SJtiS^fitt. It^wiftftt^-rscoM:/ 

TV>S„ =i^^>y^'7-*l'7XhU-i/*^T-f 
73459 li> 685n mfifjfiOSJt&fifCj^ LTSffl 

^>n7i';VAa, 6 3 3 nmTSJt^nSfctOSajg 

[0 0 18] C(DC0Myuy:?#ttfcC0M^f*#14 

!S^ft(D*^Ji«-r 5 i: 9 <t^S^ff J: T$i]*^ ^ ni. 
Ji^A^feSo 5iS^n/cCOM7-<7l/AcOF^SI, fc<i; 
tf. V— ^T-Oi^». C0M7^';l/A*<K^¥<0C0M 

$5t4. c 0M!i<*t c oummm<o-my5o^m.\cm.m 



7 

So 

[0 0 19] '^^(Dcoummmii. ^tA^^ma^m 

;l/ (LUT) tt. i/><o*>£0->X-rAT'<£ffl*n. S>t 

[0 0 2 0] 'm.<n)'mt%^'y7.=fh\.t. 

[00 2 1] tie^T, fe5C0MEPlS'JSBtjt*-r§r:- 
X*<S5<:i:*'^*^5o ^oC0MB]giJSH«, COM 

SET'S §0 

[0 0 2 2] *^^<Dg6^t*, ®3iei4!«<*±(C^p<— >• 
[00 2 3] 
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^^M?t^ilSt:^i^#it> S2oix>X7-by7"u 
[0 0 2 4] *^^<D^)5fiCDJgft|tcJ:?,i:. 

?S^WEi^-'5:*fe)t!i^EnBiJSBtca«1-So =t 

30 T^^i^jwtten. ,«)tttji<**s^-rSo 

[0 0 2 5] *f§WO»tbV>Jli5gOfe®(CJ:tltf. L 
[00 26] 

40 s®*©j^aT'S^?.o cnii. g^#cDE^l8lJgBA^ 

So 

[0 0 2 7] *f?^(DS*S$5!im«> 'l'^<-'»yjCffi 
50 [0 0 2 8] *SI^OH%SJS(l««, {5lO^»)S|5at» 
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[0 0 2 9] *»^coM*sa^t*. mmmicmms 
[0 0 3 0] mwm\t. !^tc. if.nm<D±M^nmu 

[0031] 

[0 0 3 2] \:AT<ommt. W'mwKoummz^m 
sn'5»fery>'^'tM^^'&t>-a:Tv^§cttca3SL 20 

[0 0 3 3] |5lt:;#Bg#^*^v^<o*^©E^fflbT±< 

il#}g^T-b>:ru 1 0i:j«<*J!ia-9-::'''>x-rA2 
1 2t^1i;^5„ {g{*J!Lfi-9-y~>XxA2 1 2«. ^-T 
;VA«)^a5 2 0 2, SJ^-b^i/3y2 0 4, ISjt6^^7 30 
^';PAyD-tr<y9-2 0 6. RD"7'f h 2 

0 8*«S^So SJffli|ia7'n-t<y9-2 1 oa> 7''J>'^' 

m7-b>rv 1 ot!«^*jaa-9-7"'>xrA2 1 z(om& 
mm(o±w(if3m^^Mmt^c •:fv>^ i oow^im* 

6 0O|i^^nTV^^I.^gP5^*^7i';l/i»«JSgP2 0 2*^ 
e.J8Jt-fei'->3>2 0 4(cjl4i)p,ns„ ia»}gfig7-b:/ 

Sfcfe(i:SfJ»lia7'o-fe-y9-2 1 Oi:taiHfi.o ^<o 

sjtitjg**:! 6oosjt^n/-ca5^:^«. mm^mm 
T, 7-i';UA7"D-fc>-9-2 0 6tt. snc^^nxv^s 

j:^tc. ruy^f 1 0 0imcF«5^«nTJ:v>o «5Jt1t 
jfijtftl 6 OOSJt^nfcgp^^ti, 7^';l/A7'D-b-y9-2 
0 6fu3tiit)e,n. ^-CT', S^7°n-bX*<SfflL-T. SS)t 

inrcmm^mmsMo ym (Agx) !«#:fflicisit 

^nftrUVi? 1 OOOif'^, 7-i';l/Ayo-b7l?-2 0 50 
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mnisi^xsmMm^x. mm<om'mm. mmtn 

1 0 0©«-&> 7-i';l'A^§*flrL-.y h 2 0 8f4, -lilg 
WJC. *-b<yhT*fet)x ^-OA-tyhtt. fSJt^nfc® 

)tit{i8<* 1 6 omm'^is^'brntuntzmAm-oii >> 
[0 0 3 4] ia2^#Bg-rst. .TOjt^^i i*«i^ 
<comm<D^yys t^tc^tm^^^m^Mm^mbx 

{c. 7-tr>'7"UrtT'5>:/(CigSt^T9!i^nifil}§)t67^';l/:5? 

n^mi. i^yX3 7izi:-DX-tmtns t^-imms 
5 tc«*>nso 

[0 0 3 5] l^-{b^«3 5tts 2ft^D7^'-;^K^:/ 
X3 6 t 4 2> &0=/hSU>X ( 1 e n s 1 e t ) ZU' 
'r7-lry7y4 0*«»^. )tOJ^-{l:^HfcbTffl<o 
/hSbyX7b-l'7-t>'7'U 4 0«, 200/hS^yX 
7 L/1' 4 0 a t'hm.VyX7 P'T 4 0 b ^-i-tfo U>X 
3 6tpyX3 7«^ #fe)16%, /hSU':/X7U-i'7-tr 
y7'; 4 OOAifMPCIKo H#}g^7-b7»J 1 Ort 

[0 0 3 6] «ffl©8gWffi(Cfcn^57l£tt, »fJSn 
T> /J>SU>X7b^ 4 0a rt©gSl<OS(JC^bV^< 

X7\y<4 0 b i:^2<07-<-;l/FU>X4 2 
TB^fk^n. ii£;*;5n?.o i^<7.i'-;l/Kb:/X4 4 

tmci^-itmms s^mmr^mi. rascw^gspiB! 

D 4 6feJ;D*U b-l^>'X4 S^ajfi-fSo Ulx— l^y 
X4 <iJte-Z.X7°U-y^fS^5 OOitMtcffiS 
snSo S/Sx yu-U'yX4 8. Rtf7-r-;i'Ku:^ 

X4 4t4. Ei2fcfeV^T. gUfiOS^tLT^^nrv^ 

if3\ mzicmt^nx^^^^o^2^<Dm'i!(oi'yx^ 
m4 8t u>xmm 4 4 ©ft^ 0 i^-<osg^^si« 
t^^-om^i^yXA 9 (ia5^?n%v>) *'«fflsn 

[0 0 3 7] (i)tif:-Ax7'J-y^Sig5 0{i. siiJt 
i^®o)ti 4 2 (H^^n^&v^) tpmytm^o^fti 4 

A^-pt^v^/ife. Bii^e^^!^^e^i)1^^3 8*^ <i)ttf- 

AX7"';-y^'Slg5 0©MJcffl*ijitnT<}:i/\ ifiSJ^ii 
Jt?3 8*iHH-r-5Ct*^T-t«>S»©«mA'fcSo C 
<0j;9^fflffi©lo(4. /hS^>X7U'i'7-fcy7U 4 

ooEMT'$.i.c UB®yt'?'38ii. myt\^-.Lx^v 
fflsns, ens. ffl3ifiir-Ax:/y<j/^js^5otcj: 
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5 0 iiJt^SSJtSSSgg 5 2 tC?5l^{>t 
[0 0 3 8] mZ^P^t^t. C(Diy7.TL(D^m^ 

l^>X7-tr>:/i; 1 3 2^ji-3Til^¥ffii 5 0±lc-^ 

mf'fibn^ (1212) o tb. SHjt^isggs 2%ai, 
affloHti:^ h 5 3*^ rjj-:/j , -r^tj^w 

a. ^i*. ^isgg-y-'i' h 5 3*^ r:tyj mitc^?. fc t 

<*¥ii*^e.i!inT»t;»i^#ite.n5c ^MJtswsss 

[0 0 3 9] ±^tnrci.5ic. m^n^icmm^^s 

•/]y^tC^^ti>1tlbK.mEtri. 4000X2000 

m^X'^^om^s 1 200X 1 600-9--l'htV^-5M 
0. 9'rv^<0«ftffifclli:<6VvjN$v^7'y 

■e-?n/£Si^itLCDT'feSo i:ne.<DLCD(Das^ 

If ttOI/K OAHi. S«$^S, i9;v>3>h7Xh (>1 
00 : 1) . S*3>7 0 7U'-AtX±tV^?3iV^7U'-A 

iiSfe^tfSvpSJt (>9 0%) -p^So ta^x. c 
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m^m:fo-ty^Z l O (Sl) fcj:-DT$iJffli$nsi: 

•ri^*^';i/r'En»j->xxAcjiA*nso cn^(on 

[0 0 4 0] SHJtEllfgS 2«. ^< cDS^S«!lST' 

[0 0 4 1] *^0^tj;St, )t!fJi. ^<©ilS?BHg 

^^mm 5 2 ^<£ffl-r 5 c tm-'Sx-h^^ j; ? ^ 

U tetc, ^iicD55!)*fcJ:tfnyh7Xh*^ffiiScDM3a: 
tt, |5i|g;i:fcnt5£:(DM*^->XxA(D%^*4*'ai-ro 

^/ti6tc. mmcm-:5i^x. mm^&^i:zsmmm 
m^t^ctiz^ryxmmt^cttin'^^o mma.. 

ys/XrA^ji-^Tiin, 3>'h7Xh*jS'>$-*So 

[0 0 4 2] SijO^SSOJK^CfeV^Ts nvh-7X h 

LTSSSI-rSCfcA^T'tSo ^KJtgligg 5 2 ©irSS 

*^^^nT^^sla4*#M•rst. «)tii«S7 6tt, 

SH^tSBifg 5 2 (o^m^zmx-^nx t j; v\ 0 4 

^2©«ffi$/-c«ia, ^rajt^ssgs 20*/^ 

40 -^^X7 4T'fe!3. S3©Hli, Slif'tt''^-y ^ :/^- 
^'*ti^fc^H«SIi«g 5 2 ^ni<*T'*?.o SH)ta 
SiggS 2(D^{C«, 7i'f-iX-:?7 0 t7i5'f-aX- 

^^7 2. src«, 2gra)t^iss5 2*BeH-rs7^^a 

X- ^ ffl ^ -i? y h a^Sj t) e> nr V ^ ^ o 
[0 0 4 3] =iyh7 7.mm<Dmi5mit. ?tif-A 

50 *w/£*^$fls*#s*v mmj^'f^m^^xw^nx^ 
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o^jijii-r«.iin)i£^jg8ii-r5©ictsiOo 
(f- Axry 7 ^'S^ 5 0 (Dm^mmi5\^f}^ e> 7 *ihis5 
m2©ii^^ 1 34 mz) tmmn. MiA^eisi 

1 3 4©KB*\ ia2tc5^5n5o 

[004 4] (-r •y'jaa) y y ^ 1 0 0 mmmm 

(a) *^e.^5<D (d) (c^^nxv-'^o 

[0 0 4 5] fi:*:S (f u 1 1 aperture) L 

s§5 zo^m^^. ^m^-^m?S5 2^^iagg-9-i' ko 

5© (a) !b^e>05<D (d) fcja^^nTi/^S^JOrf if 

ui'ij^:^sm«i-rst, ^HJt^ssis 2 a. g«j 
ic, s 1 o^iasffifge 1 tcffi®$n. aiSisg+)--f h 6 

3*M4M^n. ^(Dmt^^^^ti^ (0 5<O (a) ) o 
fcS:8IS-9--l' 2i^O 1 fc'tt^ffi^nfcS 2 ©SIII8§ 

fine 2 (US© (b) ) ic^tti^o ^o'ik. ^ma 
mmbz\,t. {mQzx-mtf'^-^^n^o sra^t^ia 

gS52tt, f-(Dtg> WOffiSe 2*>e>fi^;^(^)^c^iigg■9• 
'^' KD2«'01fcttS:ffl«tl5. cm*, SMJt^iHSI 

5 2 *^«JW{aS 6 1 em 3 O^ISggfitH 6 4 (0 5 0 

(d) ) icw^tcsiffisn-sct^&sittf So smsgit 



(8) ItW 2002-205426 

14 

^BSgg5 2tt. ^(DtSs ^3<0(aB6 4 (0 5© 

(c) ) *^e.«7D[Rifc^ia^nfc^4©^isggffiH6 5 

5.{ciB^*SlS{tc-rs#S**i«-rsottSfiOo Rt> 
(a) tJ:^$nTV>S^l©ffig6 l*>e)ll50 (d) 

[0 0 4 6] xf-tf'J^^'tis ^ISI§©273(6]©Mi!)% 
©^nf^noiS^J-ti, fe43J:'e5;imfc2 0/tmt©M 

tt, 20©Efl7d'^aX-^f:&ffiffl-r5ili:*^T*t 
20 [0 0 4 7] T-i-if'J >y©SlJ©*fiS©}g^tC*5V^T. 

(sub-aperture d) -pfeoT j:V>„ fS^fi 

T'^So 06^#B§-r5)t. i|iF^PgP##xU7^SS§g 
A^rN^nTi/^S. Mv^^iSSOfi. Ig?©lf5«14, 1^ 
30 SJittfii^^S-rc a^^^r^i^S 2a, LCD©iiiggp 

a5##Mja^j|is*a^o 

[ 0 0 4 8 ] E 7 tt. SiJ©ri^7t; L C D^HUt^lllfg 5 

2* ©SfffiST-feSo LCD7 6' A^?-©±g|5tC«oT 
U ^ 5 C M O S / i7 7° b- y © J^T- $) -3 T j; 1/ ^ 7 U— A 
7 8" A^^So LCD7 6' <0±.\Z\,t. */^-A"'5X7 
4* *^feS= i|iF»flPgR«, 06©/^^f->*S^-rSfc 
fet, 71^-^7 8' iCfettSTT.i'fcLT. LCD 7 
6' tfettS^^^Ji-ytLT, Sfc«, LCD 7 6' t 
St3fi</>A/<-5!f5X7 4* ©Sffi±©-'<^'->i:LT 

40 #aEbTj:i/\ =tn^ti<o-n^X'mm&-^z^\zt^rz 

$^2 5%©^t^MPg|5*^»ffl^nTJ:V\ 2 5%© 
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A METHOD AND APPARATUS FOR PRINTING MONOCHROMATIC 
IMAGES USING A vS^ATf AL LIGHT MODULATOR HAVING A 
SELECTABLE LIGHT SOURCE 
FIELD OF THE INVENTION 

S This invention relates generally to a method and apparatus for 

printing nxxiocliromatic imaging onto photosensitive media by spatially and 
temporally modulating alight beam, and more particularly to a film recording 
apparatus that allows sclcrtion of a liyht source of a fMxfcrrcd wavelength from 
among a set of available light sources having different wavelengths. 

10 BACKGROUND OF THE INVENTION 

Conventioaa] printers generally adapted to record images provided 
from digital data onto photosensitive media apply light exposure energy that may 
originate from a number of different sources and may be modulated in a number 
of different ways. In photoprocessing apparatus, for example, light exposure 

1 5 energ>^ can be applied irom a CRT-based printer. In a CRT-based printer, the 
digital data is used to modulate a Cathode Ray Tube (CRT) which provides 
exposure enei^gy by scanning an electron beam of variable intensity along its 
phosphorescent screen. Alternately, light exposure energy can be applied from a 
laser-based printer, as is disclosed in U.S. Patent No. 4,728,965 (Kessler, et al.) In 

20 a laser-based printer, the digital data is used to modulate the duration of laser on- 
timc or intensity as the beam is scanned a rotating polygon onto the imaging 
plane. 

CRT- and laser-based printers perforati satisfactorily for 
photoprocessing applications, that is, for printing of photographs for consumer 

25 and commercial marlcets. However, in an effort to reduce cost and complexity, 
alternative technologies have been considered for use in photoprocessing printers. 
Among suitable candidate technologies underdevelopment are two-dimensional 
spatial light modulators. 

Two-dimensional spatial Light modulators* such as those using a 

30 digital micromirror device (DMD) from Texas Instnimenls, Dallas, Texas, or 
using a liquid crystal device (LCD) can be used to modulate an incoming optical 
beam for imaging. A spatial light modulator ;;an be considered essentially as a 
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two-dimensional array of light-valve elements, each clement corresponding to an 
image pixel Bach array element is separately addressable and digitally contrc^led 
to modulate incident light frcxm a light source by modulaling the polarization state 
of the light. Polarization considerations are, therefore, important in the overall 
5 design of support optics for a spatial light modulator. 

There are two basic types of spatial light modulatoi^ in current use. 
The first type developed was the transmissi ve spatial light modulator, which, as its 
name implies, operates by modulating an optical beam that is transmitted through 
individual airay elements. The second type, a later development, is a reflective 

10 spatial light modulator. As its name miplies, the reflective spatial light modulator 
operates by modulating a reflected optical beam throuf^ individual array 
elements. A suitable example of an LCD reflective spatial light modulator 
relevant to this application utilizes an integrated CMOS backplane, allowing a 
small footprint and improved unifonnity characteristics. 

1 5 Conventionally, LCD spatial ligl)t modulators have been developed 

and employed for digital projection s^-^stems for image display, such as is 
disclosed in U.S. Patent No. 5,325,137 (Konno et al.) and in miniaturized image 
display apparatus suitable for mounting within a helmet or supported by 
eyeglasses, as is disclosed in U.S. Patent No. 5,808,80D (Handschy et al.) LCD 

20 projector and display designs in use typically employ one or more spatial light 
modulators, such as using one for each of the prhnaiy colors, as is disclosed in 
U.S. Patent No. 5,743,610 (Yqimact a!.). 

Tt is instructive to note that imaging requirements for projector and 
display use (as is typified in U.S. Patents Nos. 5^25,137; 5,808,800; and 

25 5 ,743 ,6 1 0) differ significantly from imaging requirements for printing. Projectore 
are optimized to provide maximum luminous flux to a screen, with secondary 
emphasis placed on characteristics important in pnnting, such as contrast and 
resolution. Optical systems for projector and display applications sure designed for 
the response of the human eye, which, when viewing a display, is relatively 

30 insensitive to image artifacts and abeirations and to image non-unifonnity, since 
the displayed image is continually refreshed and is viewed from a distance 
However, when viewing printed output from a high-resolution printing system, the 
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human eye is not nearly as '^forgiving" to artifacts and aberrations and to non- 
iiniformity, since irregularities in optical response are more readily visible and 
objectionable on printed output For this reason^ there can be considerable 
complexity in optical systems for providing a uniform exposure energy for 
5 printing, fivenmoresignificant aredfTerences in rcsolidonrequitenients. 
Ad^ted for the human eye, projection and display systems are optimized for 
viewing at typical resolxitions such as 72 dpi or less, for example. Photographic 
printing apparatus, on the othei- hand, must achieve much higher resolution, 
particularly apparatus designed for micrographics applications, which can be 
1 0 expected to provide E,000 dpi for some systems. Thus, while LCD spatial light 
modulators can be used in a range of imaging applications from projection and 
display to high-resolution printing, the requirements on supporting optics can vary 
significantly. 

Laigdy because spatial light modulators can offer significant 

1 5 advantages in cost and size, these devices have been proposed for different 

printing systems, fiom line printing systems such as the printer depicted in U.S. 
Patent No. 5,521 ,748 (Sarraf), to area printing systems such as the system 
described in U.S. Patent No. 5,652,661 (Gallipeau et al.) One approach, using a 
Texas Instruments DMD as shown ia U.S. Patent No. 5,461,41 1 offers advantages 

20 common to spatial light modulator printing such as longer exposure times using 
light emitting diodes as a source as shown in U.S. Patent No. 5,504,514. 
However, DMD tedmology is very specific and nut widely available. As a result, 
DMDs may be expensive and not easily scaleable to higher resolution 
Tcquixements. The currently available resolution using DMDs is not sufiScient for 

25 all printing needs. FurthermOTe, there is no clear technology path to increased 
resolution with DMDs. 

A prcfen-cd approach for photoproccssing printers uses an LCD- 
based spatial light modulator. Liquid ciystal modulators can be a low cost 
solution for applicatioDS requiring spatial light modulators. Photographic printen; 

30 using commonly available LCD tcchnolog>' are disclosed in U.S. Patent Nos. 
5,652.661; 5,701,185 (Reiss et al.); and 5,745,156 (Fedcrico ctal.) Although the 
present a{plication primarily addresses use of LCD spatial light modulators. 
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Tcfcrenccs to LCD in the subsequent description can be generalized, for the most 
part, to other types of spatial ligjit modulaloni, such as ilie DMD noted above. 

Primarily because of their eaily development for and association 
with screen projection of digital images, spatial lig^t modulators have largely been 
5 adapted for continuous tone (contone) color imaging applications. Unlike other 
digital printing devices, such as the CRT and laso-'based devices mentioned above 
that scan a beam in a two-dimensional pattern, spatial light modulators image one 
complete frame at a time. Using an T-CD, the total exposure duration and overall 
exposure energ>' supplied for a frame can be varied as necessary in order to 

1 0 achieve the desired image density and to control media reciprocity characteiistics. 
Advantageously, for photoprocessing applications, the capability for timing and 
intensity control of each individual pixel allows an LCD printer to provide 
grayscale imt^ng. 

Most printer designs using LCD technology employ the LCD as a 

1 5 transmissive spatial light modulator, such as is disclosed in U.S. Patent Nos. 
5,652,661 and 5,70 1 ,1 85. However, the improved size and performance 
characteristics of reflective LCD arrays have made this technology a desirable 
alternative for conventional color photographic printing, as is disclosed in 
commonly assigned, copending U.S. Patent Application Serial No. 09/1 97,328, 

20 filed November 19, 1 998, entitled ''Reflective Liquid Crystal Modulator Based 
Printing System*" by Ramanujan et al. As is described in the Ramanujan 
application, color photographic printing requires multiple color light sources 
applied in sequential fa^shion. The supporting illumination optics are required to 
handle broadband light sources, including use of a broadband beamsplitter cube. 

25 The optics system for such a printer must provide telecentric illumination for color 
printing applications, in summary, in the evolution of photoprocessing systems 
fnr film printing, as outlined above, it can be seen that the contone imaging 
requirements for color imaging are suitably met by employing LCD spatial light 
modulators as a solution. 

30 Printing systems for micrographics or Coraputer-Output-Mi cf ofihn 

(COM) imaging, diagnostic imaging, and other specialized monochtxmie imaging 
applications present a number of unique challoigcs for optical systems. In the 
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COM environment, images arc archived for long-tcnn storage and rctricvg^lity. 
Unlike conventicnal color photographic images, microfilm archives, for example, 
are intended to last for hundreds years in some cnviTonmcnts. This archival 
roquiranent has» in turn, driven a number of related requirements for image 
5 quality. For image reproduction quality, for example, one of the key expectations 
for microgr^ihics applications is that all images stored on archival media will be 
written as high-contrast black and white images. Color fihn is not used as a 
medium for COM applications since it degrades much too quickly for archive 
purposes and is not capable of providing the needed rcsolutioa Grayscale 

10 representation, meanwhile, has not been available for conventional micrographics 
printers. Certainly, bitonal representation is appropriate for storage of 
alphanumeric characters and for standard types of line drawings such as those 
used in engineering and utilities environments, for example. In order to record 
bitunal images onto photosensitive media, exposure energy applied by the printer 

15 is either on or off, to create high-contrast images without intermediate levels or 
grayscale representation. 

In addition to the requirement for superb contrast is the 
requirement for high resolution of COM output. COM images, for example, are 
routinely printed onto media at reductions of 40X or more Overall, 

20 micrographics media is designed to provide much higher resolution than 
conventional dye-based media provides for color photogr^hic imaging. To 
pravide hi^ resolution, micrographics media employs a much smaller AgX grain 
size in its photosensitive emulsion. Optics components for COM systems are 
correspondingly designed to maximize resolution, more so than with optical 

25 components designed for conventional color photoprocessing apparatus. 

Conventional COM printers have utilized both CRT-and laser- 
based imaging optics with some success. However, there is room for 
improvement. For example, CRT-based printers for COM use, such as disclosed 
in U.S. Patent No. 4.624,558 (Johnson) arc relatively costly and can be bulky. 

30 Laser-based printers, such as disclosed in U.S. Patent No. 4,777,5 1 4 (Theer et al.) 
present size and cost constraints and can be mechanically more complex, since the 
laser imaging system with its spinning polygon and beam-shaping optics must be 
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designed spccifical ly for the printer appHcatioTi. In addition, laser printers exhibit 
high-intensity reciprocity failure when used with conventional photosensitive 
media, thus necessitating the design of special media for COM use. 

More recent technologies employed for COM imaging include use 
5 of linear arrays such as linear lig^t-emitdng diode (LED) arrays, for example, os 
are used in the Model 4800 Document Archive Writer, manufactured by Bistman 
Kodak Company, Rochester, New York. Another alternative is use of a linear 
light-valve array, such as is disclosed in U.S. Patent No. 5,030,970 (Rau et al.) 
However, with exposure printheads using linear arrays. COM writers continue to 
1 0 be rciati vcly expensive, largely due to the cost of support canponents and to the 
complexity of drive electronics. There is a long-felt need to lower cost and reduce 
size and complexity for COM devices, without sacrificing pcrfbrmaace or 
robustness. 

A well-known shortcoming of conventional COM prmters relates 

1 5 to the interdependence between COM printer design and the cxpa^urc sensttiYity 
characteristics of a specific photosensitive media type. Currently » a particular 
type of COM printer is designed to write only on a single type of COM media. 
Conversely, a single type of COM media can only be used in a particular type of 
COM printer. The exposure q>tics of a particular type of COM printer are 

20 designed to apply specific levels of exposure energy over a specific range of 
wavelengths to the COM media. Because of this constraint, a customei- who 
purdiaiiefi a COM printer of specific manufacture and model type can use that 
COM printer only with COM media that has been developed specifically for that 
printer, or with a very hmited number of other types of media having similar 

25 characteristics. This is true even though the same media handling subsystem used 
in the COM printer could be capable of routing different types of photosensitive 
media from a fihn supply, through an exposure section, and to a film processing or 
film storage unit for exposed media. 

Exposure wavelength is one important characteristic that constrains 

30 COM printer use to a specific media. Existing COM printers use monochromatic 
light as the source of exposure energy. Different COM media are designed for 
optimum perfonnance with monochromatic exposure light at dilTerent 



2002-205426 



-7- 

wavclcngths. For example, the KODAK Ardiivc Storage Media 3459 is 
optimized for exposure wavelengths near 685 rnn. KODAK IMAGELINK DL 
Microfilniy on the otber hand, is designed for optimal sensitivity when exposed at 
633 nm. 

5 This interdq^endence of COM printer and COM media 

characteristics is disadvantageous from a number of perspectives. Development 
of an improved COM fxinter can be constrained by the requiremott that exposure 
optics provide only a specific output wavelength. Development and marketing of 
an improved COM film can be constrained either by the requirement that the 

1 0 COM film be used at exposure wavelengths available with existing COM printers 
or b>' the requirement that a new COM printer be developed, in order to provide 
exposure eneigy at the proper wavelength. These constraints add cost to the 
production of both COM media and COM printing apparatus and limit the 
flexibility' of COM customers to use a preferred printer or media type for a given 

15 situation. 

Conventional COM printing apparatus can be adjusted somewhat 
for slight media sensitivity variation, but such routine adjustments arc made only 
in order to adapt to anticipated batch-to-batch media variability over a narrow 
range. For this purpose, Calibration Look-Up Tables (LUTs) aie used widi some 

20 systems to adjust exposure characteristics (exposure time and intensity) to 
compensate for slight drift (such as might be due to media aging) or batch 
sensitivity differences. However, this type of solution would not be suitable for 
handling different media types having different wavelength sensitivity. Even 
though intensity and timing of exposure energy can be adjusted, these exposure 

25 factors cannot adequately compensate for media wavelength sensitivity 

differences over more than a narrow range without having an objectionable impact 
on image quality. 

Conventional exposure optics systems are limited to the use of a 
single ^e of exposure light source. Depending on the type of light source used, 

30 it can be possible to provide exposure light at different wavelengths. For 

example, where the exposure ligjit source is a halogen bulb, it would be possible 
to provide intcrchaogcable filters airanged to allow selection from among multiple 
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cxposiirc wavelengths, depending on the choice of filter. However, such a 
solution would require manual insertion of a filter element or, if automated, 
moving parts for positioning a filter in the light path. It could aJso be possible to 
provide multiple lasers, for example, and allow an operator-initiated ot automated 
5 sdection of a specific laser in the exposure optics path for a particular COM 
media. However, such a solutioiL requires expensive componentfi and would not 
allow compact packaging without introducing a significant amount of mechanical 
complexity. Any practical solution for providing a selectable exposure 
wavelcngft must meet the goals of low-cost, compact packaging, and mechanical 

10 simplicity that would not be provided by conventional COM light sources. 
Furthermore, where possible, automated mechanisms would be preferred over 
manual methods for adapting a COM printer to a specific COM media. 

Thus, it can be seen that there is a need for an improved COM 
printing apparatus that is inexpensive, compact, and robust, that allows the use of 

1 5 alternate types of COM media where the COM media have dilYicrent exposure 
characteristics and that allows automated sensing and response to the type of 
COM media loaded. 

SUMMARY OF THE INVENTION 
It is an objea of the present invention to provide a printing 

20 apparatus using a spatial light modulator for imaging onto photosensitive medio, 
wherein the printmg appai-atus is capable of using any one of a number of possible 
monocbromatic light sources. 

Accordir^g to one aspect of the present invention an apparatus 
prints monochrome images from digital image data onto a selected photosensitive 

25 medium dmt is selected from a plurality of photosensitive media compatible with 
the monochix)me printing apparatus. A light source, which is selectable, selects 
from a plurality of hght source elements a monodiromatic hght source that is 
suited to the selected photosensitive medium. A unifoTmizer unifonnizes the light 
that is emitted from the monochromatic light source. A polarizer for filtering the 

30 uniformized light provides a polarized beam having a predetermined polarization 
state. A spatial light modulator has a plurality of individual elements capable of 
altering the polarization state of the polarized beam to provide an exposure beam 
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for printing, the state of the elements controlled according to the digital image 
data A first lens assembly directs the polarized beam to the spatial light 
modulator and a second lens assembly directs the exposure beam onto the selected 
photosensitive medium. 
5 According to one embodiment of the present invention, any one of 

a set of momochroniatic light source elements can be selectively eoergized as the 
light source for exposing the photosensitive media. The monochromatic exposure 
light is passed dirough a unifonnizer or integrator to provide a source of spatially 
uniform, monochronnatic Kght for the printing q)paratus. The monochromatic 

10 light is then polarized and passed through a beamspl itter, which directs a pol arized 
beam onto a spatial light modulator. Individual array elements of the spatial light 
modulator, controlled according to digital image data, arc turned on or off in order 
to modulate the polarization rotation of the incident light. Modulation for each 
pixel can be effected by controlling the level of the light from the light source, by 

15 control of the drive voltage to each individual pixel in the spatial light modulator, 
or by controlling the duration of on-time for each individual array element. The 
resulting light is then directed through a lens assembly to expose the 
photosensitive medium. 

According to a preferred embodiment of the present invention, the 

20 plurality of monochromatic light sources is made available by the use of an array 
of LEDs, wherein different groupings of LEDs within the array can be selectively 
energized to provide optical exposure cncigy at different wavelengths. 

An advantage of the present invention is that it allows a single 
monochrome printing apparatus to be able to use a range of media types, where 

25 the media types differ in sensitivity to ex|xisure wavelength. This allows an 
existing printing apparatus to take advantage of new media types as well as 
improvements in media performance. Conversely, this allows a new printing 
apparatus to be designed to use both newly introduced and existing media types. 

A further advantage of the present invention is that it allows the 

30 development of lowei oost photosensitive media by allowing variability over the 
range of exposure wavelengths used for imaging. 
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A further ad\'aiitagc of the present invention is that it can provide 
wavelength selectivity without introducing any moving part and without 
appreciably increasing the cost, size, or mechanical complexity of the printer. 

A further advantage of the present invention is that it provides a 
5 mcdianism for automatically selecting an appropriate light source, based on 
detecting the type of media loaded in the printing apparatus, thus eliminating 
operator interaction and possible operator error. 

These and other objects, features, and advantages of the present 
invention will become apparent to those skilled m the art upon a reading of the 
ID following detailed description when taken ia conjunction with the drawings 

wherein there are shown and described illustrative enibodimcnts of the invcntioa 
BRI£F DESCTUFnON OF THE DRAWINGS 
While the specification concludes with claims particularly pointing 
out and diistinclly clahning tlie subject matter of the present invention, it is 
1 5 believed that the invention will be better understood from the following 

description when taken in conjunction with the accompanying drawings, wherein: 

Figure 1 is a schematic view showing a (Hinting apparatus 
according to the present invention; 

Figure 2 is a schematic view showing hnage farming assembly 
20 components for a printing apparatus according to the present invention; 

Figure 3 is a plan view that ilhistrates a front surface of a multiple 
site b-patial light modulaton 

figure 4 shows a cross-section of a reflective modulator with 
motion controllers, a hquid crystal spatial light modulator, a cover glass, and a 
25 polarizotian compensation component; 

Figures 5a-Sd illustrate the effect of dithering an un-apertured 
spatial li^t modulator using four distinct image positions; 

Figure 6 is a plan view that illustrates a front suiface of a sub- 
apertured spatial light modulator, 
30 Figure 7 is a cross-sectional view of a reflective spatial light 

modulaton 
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Figures 8a-8d illustrate the effect of dithering an apcrtured spatial 
light modulator using four distinct image positions; 

Figure 9 is a sdhematic view showing Image farming assembly 
components for a printing apparatus according to the present inyention, including 
5 an intemiediate image plane for inclusion of a dither masl^ 

Figure 10 is a schematic view showing Image forming assembly 
components for a printing apparatus according to the present invention, using an 
alternative arrangement of Image foraiing assembly components; 

Figure 11 is a schematic view showing Image forming assembly 
10 components for a printing apparatus accpitling to the present invention, showing 
an alternative airangement utilizing a transmissive LCD; 

Figure 1 2 is apian view showing a two-dimensional arrangement 
of LBDs used as part of a light source: 

Figure 13 is a cross-sectional view of an apparatus for holding 
1 5 LEDs and coUimating lenses for LEDs; 

Figure 14 is a plan view of a rotatable wheel of LEDs used as part 
of a light source; and 

Figure 1 5 is a schematic view showing an alternate embodiment of 

a light source. 

20 DETAILED DESCRIPTION OF THE INVENTION 

The present description is directed in particolar to elements 
forming part of, or cooperating more directly with, apparatus in accordance with 
the invention. It is to be understood that elements not specifically shown or 
described may take various fonns wdl known to those skilled in the art 

25 It must be noted that the following description focuses on 

monochromatic printers used in micrographic COM applications. However, the 
apparatus and method disclosed herein could he used with other types of 
monochromatic digital printing apparatus, such as diagnosdc imaging devices, for 
example. 

30 RefeiTing now to the drawings, wherein like reference numerals 

represent identical or corresponding parts throughout the several views. Figure 1 
illustrates an archival printer, such as a COM printer, referred to in general by 
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nuniCTal 100. Printer 1 00 comprises an image fonmng assembly 1 0 and a media 
handling subs>'stem 21 2. Media handling subsystem 212 comprises a film supply 
202, an exposure section 204, an optional film processor 206, and a film storage 
unit 208. A control logic processor 210 accepts and processes image data far 
5 printer 1 00 and controls the overall operation of im^e forming assembly 1 0 and 
media handling subsystem 212 components. The operation of printer 100 is 
strmghtforward, following the general patteni used for COM printers over^ To 
print, an undeveloped section of a photosensitive media 160 is advanced from flhn 
supply 202 into exposure section 204. Image forming assembly 10 cooperates 

1 0 with control logic processor 2 1 0 to print image data onto photosensitive media 
160. The exposed section of photosensitive media 160 is then ready for 
pixx^essing in order to develop the image. In one embodiment, in whidi fxinter 
100 uses. dr>'-processed media, film processor 206 may be built into printer 1 00 
itself, as is represented in Figure 1 : The exposed section of photosensitive media 

15 1 60 is advanced to fSm processor 206, where the latent exposed image is 
developed using a heat process. For printer 1 00 designed for aqueous (AgX) 
media, the image devclqment function of film processor 206 is carried out by a 
sqjaratc developing apparatus (not shown), using conventional silvcr-halide film 
development chemicals and techniques. For printer 1 00 using aqueous media, 

20 film storage unit 208 is typically a cassette, designed to keep the exposed 

photosensitive media 160 protected from ambient light and to provide a means for 
transfer of photosensitive media 160 to the separate develojnng apparatus. 

Referring to Figure 2, there is shown im£|ge fonnmg assembly JO 
which comprises illumination optics 1 1. IlluminatLon optics 11 comprises a light 

25 source 29 which is selectable and can be implemented using a number of types of 
lamp or electro-optical components, as is described subscqucntiy . If hght source 
29 comprises a halogen lamp, it is advisable to incorporate an infrared rejecting 
filter 31 following the lamp in the assembly, as shown in Figure 2. Light emitted 
from light source 29 is focused by a lens 37 and directed to an uniibrmizcr 35. 

30 Unifomaizer 35 comprises t^'O field lenses 36 and 42 and a lenslel 

array assembly 40, acting as an nnifcrmizer for the Hght. Lenslet array assembly 
40 includes two lenslet arrays 40a and 40b. Lenses 36 and 37 direct the 
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moQochromalic light into the entrance aperture of Icnslet array assembly 40. 
Conjugate planes within image forming assembly 10 are indicated by dotted lines 
28. 

The light at the intermediate illmnination plane is broken into a 
5 number of portions equivalent to the number of elements in lenslet array 40a. The 
individual portions are then imaged and magnified by second lenslet array 4Db and 
second field lens 42. Light passing through uniformizer 35 along with a following 
field lens 44 is passed through an optional aperture stop 46 and a relay lens 48. 
Relay lens 48 is positioned immediately before a polarization beamsplitter 

10 element 50. It should also be noted that, although relay lens 48 and field lens 44 
are shown as separate elements in Figure 2, a single compound lens 49 (not 
$shnwn) providing unifomi illumination could be employed instead of the two 
individual lens elements 48 and 44 as is depicted in Figure 2. 

Because polarization beamsplitter element 50 may not provide 

1 5 adequate extinction between s polaiization state of Ug^t 142 (not shown) and p 
polarization state of light 144 (not shown), an optional linear polarizer 38 may be 
incorporated piiur to polarization beamsplitter eiement 50. There are several 
places where a linear polarizer 38 can be placed; one such position is immediately 
preceding lenslet array assembly 40. Linear polarizer 38 is used to isolate the 

20 polarization state parallel to the axis of polarization beamsplitter clement 50. This 
serves to reinforce the polarization state detemiined b>' polarization beamsplitter 
element 50, decrease leakage ligjit and thereby increase the resulting contrast 
ratio. Referring agam to Figure 2, light of the s-polanzation state 142 passing 
through polarization beamsplittor element 50 is directed to the plane of a reflective 

25 spatial light modulator 52, which is a reflective LCD in the preferred embodiment 
The p-polarization state 144 is passed through polarization beamsplitter element 
50. Field lens 44, relay lens 48, and the polarization beamsplitter clement 50 
constitute the first lens assembly 41 for directing the polarized light to the spatial 
hght modulator 52. 

30 Referring to Figure 3, spatial light modulator 52 of this system is 

designed for a two dimensional reflective polarization-based spatial light 
modulator Spatial light modulator 52 includes a plurality of modulator sites 53, 
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eacb of which can be individually modulated. Light passes through spatial light 
modulator 52, is reflected off the back reflective surface of spatial light modulator 
52, and returns through spatial light modulator 52 to be directed through a second 
lens assembly 1 32, which is a print lens assembly, onto an image plane 150 
5 (Figure 2). If a modulator site 53 is "on" or bright during the round-trip through 
spatial light modulator 52, the polarization state of ±e light is rotated. In an ideal 
case the light is rotated 90 degrees when modulator site 53 is in an "on" state. 
However, this ideal degree of rotalicxi is rarely easily achieved If a given 
modulator site is "ofT or dark, the light is not rotated The light that is not rotated 

10 is not passed straight through polarization beamsplitter clement 50 but is 

redirected away from the media plane by polarization beamsplitter element 50. It 
should be noted thai light which is rotated by spatial light modulator 52 may 
become elliptically polarized Upon passing through a linear polarizer, the light 
will regain linearity. However, light that is not passed through a linear polarizer 

15 will retain elHpticity. 

As noted above, the most readily available choice of reflective 
polarization based modulators is the reflective liquid crystal muduMor. Such 
modulators, originally developed for use in projection display, can have 
resolutions as higji as 4000 x 2000 modulator sites. Currently, resolutions of 1200 

20 X 1600 sites arc available with footprints as small as a 0.9 mch diagonal. These 
high resolution reflective LCDs arc often twisted ncmatic LCDs or 
homeotropically aligned reflective LCDs, although other types of reflective LCDs 
such as feiToelectric are often employed in projection display. Some of the key 
characteristics of these LCDs are high resolution, high contrast ( >100: 1), fast 

25 frame rate of 70 frames per second or higher, and high sperture ratios (> 90%). 
In addition, the incorporation of a CMOS backplane increases the uniformity 
across the array. The LCDs are also capable of producing an eight bit gray scale 
either through puke width modulation or through analog operation. In cither case 
data is introduced digitally to the printing system, as controlled by control logic 

30 processor 210 (Figure 1). These characteristics ensure that the reflective LCD is 
an excellent choice for use in a reflective printing system. 
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Spatial light modulator 52 can be designed in a number of different 
configurations. The most amenable to a low cost printing system is a single chip 
system. In a preferred embodiment, spatial light modulator 52 would be a single- 
chip device specifically designed for single color use, providing optimum &ame 
5 speed. 

In accordance with this invcaition, the lig}xt source could have a 
number of selectable wavelengths. It is dius necessaiy to use the spatial light 
modulator 52 with lig^t at a wavelength for which the modulator is not optimized. 
In such a case, there are methods for obtaining optimum perfomiance. For 

1 0 example, for a given liquid crystal composition, thiclmess, and applied voltage, 
the resulting polarization rotation on an incident beam may vary with wavelength 
so that the cfHcicncy and contrast of the modulation can vary as a function of 
wavelength. In the bright, or "on" state, this difference in rotation can effect the 
efficiency of the system. In other words, the percentage of incident light that is 

1 5 actually rotated and imaged on the media plane can vary. This difference in 

wavdength efGciency can be accounted for by adapting the illumination strength 
and exposure time, based on wavelength, in order to obtain the power density 
required by the media, using techniques well-known in the im^ng art. The 
problem is particularly acute in the dark or "off state**. In this state, the light is not 

20 rotated and should not be directed through polarization beamsplitter el ement 50 
and imaged. If the light is in fact, rotated, light will leak through the imaging 
system and decrease the contrast 

In an alternate embodiment, contrast can be adjusted fox 
wavelength asing polarization compensalion oi selection devices. Referring to 

25 Figure 4, in which a cross-sectional view of spatial light modulator 52 is shown, a 
polarization compensatDr 76 may be introduced to ihe surface of spatial light 
modulator 52. As shown in Figure 4, tiie top surface or layer includes polarization 
compensator 76, the second surface or layer is a cover glass 74 of spatial light 
modulator 52, the third layer is spatial light modulator 52 itself, with a reflective 

30 backplane. Behind spatial light modulator 52 are mounted actuators 70, 72 or 
mounts for actuators to position spatial light modulator 52. 
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An alternate method for contrast adjustment is to incorporate a 
polarization compensator in the path of the optical beam to correct the polarization 
state of the light. A single compensator may be placed in the optica] path to 
particuloify coirect the off-state of the light However, polarization compensation 
5 devices can be expensive. An efficient but inexpensive means to accomplish the 
same remits can be obtained using linear polanzeis. As was mentioned earlier, a 
single LCD imparts a degree of polarization rotation dependent on the color of 
illumination. In an effort to maximize contrast, special care must be taken to 
provide a tmly dark **off state." Because the rotation of the light from spatial light 

10 modulator 52 is not always trussed perfectly with polarization beamsplitter 

element 50 in the off state, additional polarization selection must be incorporated 
into the optical path. Also, polarization beamsplitter element 50 is not perfect and 
will leak some amount of light. Fa' these reasons ^ an additional sheet polarizer 
can be disposed either immediately before or after print lens assembly 132. This 

15 additional polarizer serves to reject leakage light that is passed through 
polarization beamsplitter dement 50. Specifically, for a particular LCD 
modulator, the dark state of the light is actually rotated 7 degrees from the 
polarization transmitting direction of polarization beamsplitter element 50. To 
correct this in the preferred embodiment, a second polarizer 134 (Figure 2) is 

20 provided, rotated 7 degrees off-axis to suppress leakage light The particular 
angle at which polarizer 1 34 must be placed is a function of the particular 
reflective LCD chosen for the printing system and the light source selected. A 
suggested placement of polarizer 134 in the optics path is shown in Figure 2. 
Dithering 

25 In an alternative embodiment of printer 1 00, dithering may be used 

to increase the inherent LCD resolution and to compensate for modulator site 
defects. A dithering partem for a standard high aperture ratio spatial light 
modulator 52 is shown in Figures 5a-5d 

To dither a full apcrtiffe LCD is to image the spatial light 

30 modulator 52 at one position, and reposition spatial light modulator 52 a fraction 
of a modulator site distance away and image. In so doing, multiple images are 
created and overlapped. By overlapping multiple images, the system acquires a 
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redundancy that corrects for modulator site failure or drop out. Furthermore, by 
interpolating and updating the data between positions, the effective resolution is 
increased. Refening to the example dithering scheme depicted in Figures 5a-5d, 
spatial light modulator 52 is first posidoned at a first modulator position 61 and 

5 modulator sites 63 are positioned and imaged (Figure 5a). Spatial light modulator 
52 is then moved to a second modulator position 62 (Figure 5b) which is one half 
of a modulator site lateralfy displaced frcHn previous position 61 . Spatial Kght 
modulator 52 is then imaged at position 62. Spatial light modulator 52 is then 
displaced one half of a modulator site longitudinally from previous position 62, 

10 which means it is diagonally displaced from Initial position 61 to a third 

modulator position 64 (Figure 56), Modulator sites 63 arc iUuminalcd and Che 
media c?(posed again. Spatial light modulator 52 is then moved to a fourth 
modulator position 65 that is laterally displaced from third posdtion 64 (Figure 5c). 
The media is then exposed at this position. Using this pattern, there is effectively 

1 5 a foiufold increase in the amount of data written. Hiis serves to increase image 
resolution and provide means to further sharpen images. Alternately, with a higji 
aperture ratio, it may be sufficient to simply dither in one diagonal direction (that 
is, for example, from first position 6 1 shown in Figure 5a to third position 64 
shown in Figure 5d) in order to achieve suitable results. 

20 Dithering requires motion of the modulator in two directions. Each 

increment of motion is approximately between 5 um and 20 um for a typical 
reflective LCD modulator. In order to achieve this incremental motion, many 
different actuator 54 or motion assemblies, as shown in Figure 2, can he 
employed. For example, Ihc assembly can use two piezo-electric actuators. 

25 In an alternate embodiment for dithering, requiring minimum 

modification to a reflective LCD device designed for projectioo display, the 
device can be sub-aperturcd. In an cfTorc to markedly increase resolution, the 
modulator can contain an aperture ratio that is relatively small Ideally this 
aperture must be symmetrically placed within each modulator site. The result is a 

30 modulator site for which only a fraction of the area transmits light Referring to 
Figure 6, there is shown an illustration of a sub-apcrtured area modulator. Black 
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regions 80 rq)re5eiittheiion rcQccting, non-transmitting regions of the device. 
Clear ai«as 82 represent the sub-apertured transmitting areas of the LCD. 

Figure 7 is a cross-sectional view of sm altemate two-dimensional 
LCD spatial light modulator 52'. There is a frame 78' which can be in the fonn of 
5 a CMOS backplane on top of wdiich rests an LCD 76'. Above the LCD 76' i s a 
cover glass 74'. Sub-apertures, to effect the pattm of Figure 6, may exist asa 
masic in frame 78', as a pattern in LCD 76', or as a pattern on the surface of cover 
glass 74' closest to LCD 76'. In an effort to double the resolution in eadi 
direction, asub-apcrluie of approximately 25% may be employed. By dithering a 

10 25% aperture ratio device, it is possible to double the resolution in die image. 

Figures 8a-8d represent the dithering of a sub-apenured device. 
Spatial light modulator 52 is positioned at a first modulatcM- position 84 (Figure 
8a) and sub-^>ertured modulator sites 92 are positioned and exposed while 
daiiccned (non reflecting) regions 94 are not imaged onto photosensitive media 

15 1 60. Spatial light modulator 52 is moved to a second modulator position 86 

(Figure 8b) a half full modulator site (sub-aperture and surrounding non-reflective 
area) laterally displaced from previous position 84. Spatial light modulator 52 is 
then exposed at position 86, Spatial light modulator 52 is then displaced a half a 
full modulator site longitudinally from previous position 86 to third modulator 

20 position 88 (Figure 8c), which means it is diagonally displaced from the starting 
point at first modulator position 84. Spatial light modulator 52 is then ilhmiiiiatcd 
and the media exposed again. Spatial light modulator 52 is then moved to a fourth 
modulator position 90 (Figure 8d) that is laterally displaced from third position 
88. The media is exposed at this position. Effectively, there is a four times 

25 increase in the amount of data written. This serves to increase image resolution 
and to provide means for further image sharpening. A sub-aperture of 25% by 
area, as approximated m Figure 6, will give the highest image quality for a four 
step dither, however, in an effort to allow for redundancy in the modulator sites, it 
is better to use a sub-^erture ratio of greater than 25 % by area 

30 When the sub-^ertures are not placed synunetrically within each 

cell, dithering becomes quite difficult Different periods of motion can be 
employed; for instance, one full modulator site width lateral motion cnmbincd 
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with half a modulatur site vertical motion makes a diUicr pattcxn. However, such 
motion is quite prone to image artifacts. A simple way to get atxjund this problem 
is to dither using only odd coliimns, then repeat the didier using only even 
columns. Ahcmatdy, the dithw algorithm may follow another pattern^ dithering 
S even rows, then dithering odd rows, for example. 

In an alternate embodiment, spatial light modulator 52 is left un- 
dithered. But, dthering takes place in one of conjugate image planes 28 as is 
shown in Figure 9. In this conjugate plane 28 a mask 1 84 containing the sub- 
aperture is placed. It is mask 184 that is dithered while the information content to 
10 the modulator sites at spatial light modulator 52 is updated. This allows a sub- 
apertured image to be recorded although the device may not be snb-apertured It 
is also possible to create an inleraiediate image plane, however, this will prove 
cumbersome. 

Another means by which to accomplish the dithering through the 

15 use of mask 1 84 is to place mask 1 84 in the image plane immediately before 
photosensitive media 1 60. This mask 1 84 can then be dithered while data is 
refreshed lo the device between ditlicr positions. This method of dither will 
accomplish the same effect as the previous method of the intermediate image. 

Following spatial light modulator 52 and polarization beamsplitter 

20 element 50 in Figun; 1 is a print lens assembly 132. E^nt lens assembly 1 32 

pro\ndes the correct demagnification of the image of spatial light modulator 52 to 
image plane 150 where photosensitive media 160 is located It should be noted 
that print leos assembly 132 can be configured for reduction (as is needed for 
micrographics) or for magnification (as is needed for diagnostic imaging). The 

25 configuration of print lens assembly 132 components is dependent on how printer 
100 is used. With this arrangement, the same illumination optics 1 1 and spatial 
light modulator 52 components can be used with different printer 100 types. 

The optical system desig;ned using the arrangement disclosed in 
Figure 1 has been shown to be compact, low in cost* and efficient. The 

30 combination shown in Figure 1 , using a high intensity light source 29 and 

supportmg illumination optics 1 1 witli a reflective LCD spatial light modulator 52 
and print lens assembly 132 optics optimized for COM-qualiiy reduction, provides 
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high levels of exposure energy suited to the resolution and contrast requirements 
of the micrographics aivironiiient. Moreover, because image fomiing assembly 
10 is capable of providing high exposure energy, image fonming assembly 10 
allows printer 100 to use diy-proccss media when provided with a light source 
5 having suCBcient power and wavelength characteristics, thereby providing 
pcrfonrumce and envircnmcntal benefits. 
Achieving Grayscale Output 

Printer 100 is capable of achieving sufficient unifomiity while 
retaining the grayscale performance. SpjatiaJ light modulator 52 alone can receive 

10 up to g bits of bit depth. However, 8 bits to the modulator may not translate to 8 
bits at the media. Furthermore, LCD modulators arc known to exhibit some 
measure of roll-off or Iusb of contrast at the edges of (he device. To print an 
adequate grayscale range and provide additional bit depth, the present invention 
can take advantage of the fact that spatial light modulator 52 designed for 

1 5 projection display generally refresh data faster than is required for printing. 

Consequently, it is possible to create a single image at the photosensitive media 
160 as a super-position of a series of images. The individual images that comprise 
the final image can var>' both in information content and illuminatioa 

It is possible to maintain the same Image data at spatial light 

20 modulator 52 and, by altering the illumination level from light source 29, 
introduce additional bit depth. By vaiying the illumination level, (and/or 
duration), and by altering the data content controlling spatial light modulator 52, 
printer 100 can build a composite image out of a saics of preKminary images. 
The superposition of the images of varied information content and varied 

25 illumination level introduces additional bit depth to the composite image. 
Non-uniformity Compensation 

Using the presoit invention, printer 100 can control image forming 
assembly 10 to con^ct for some non-unifomiity such as roll-off at spatial light 
modulator 52 edges. One way to accomplish this is to introduce additional image 

30 data to spatial light modulator 52. activating only individual modulator sites 53 on 
the outer edge of spatial light modulator 52. These added images can then be 
exposed and superimposed on the other images thus giving additional depth to the 
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edge regions. An example method would be to scm a scries of images taken at 
LCD spatial light modulator 52, create data maps and convolve all input data with 
an initial map of LCD spatial light modulator 52 to conect the image. Similar 
techniques con be used to adjust for modulator non-uniformities that are known 
5 prior to operatioa 

Altemarive Embodiments for Image fonning assembly 1 0 Componenis 

The design of printer 100 allows a number of alternate 
embodiments within the scope of the present invention. Referring to Figures 1 0 
and 1 1 there are shown possible alternate arrangements of components for image 
10 forming assembly 10. Notable changes to components include the following: 

(1) Use of an alternative uniformizing component, such as an mtegrating bar 222 
in place of lenslet array assembly 40, While lenslet arrays, in general, may 
provide better imifcnnily , integrating bar 222 can be an appropriate suhstitute for 
monochromatic printing applications, particularly when using coherent light 

15 sources, such as lasers. The integrating bar may help to minimize coherence 
effects. 

(2) Use of an alternative to polarization beamsplitter element 50. A pellicle 220 
can provide sufficient beamsplitting capability for manochroniatic printing and 
can offer cost-saving advantages over polarization beamsplitter elements 50. 

20 Pellicles 220 are well suited to monochromatic applications, such as is disclosed 
abo%'e (but may cause image artifacts with polychromatic systems). Speciiically, 
pellicles 220 do not extinguish or redirect lig^t with die efTiciency of a 
beamsplitting cube. In addition, over a narrow wavelength band, some pellicles 
220 can demonstrate inteifeence effects. Fur example, if an optical system were 

25 to have ccanpeting narrow wavelength bands, such as 630 nm and 460 nm, 

interference effects in the different wavelength regions could cause significantly 
non-imiform illuminatirm at the modulator. Additionally, pellicles 220 are more 
useful in systems where light intensity is not a mayor concern, since pellicles are 
not designed for applications using high levels of optical power. It should be 

30 noted that, because the pellicle is not, by itself, a polarization-sensitive device, a 
prepolarizer is required. If used in image forming assembly 10 of the present 
invention, the 5rst polarizer would eliminate 50% of incident unpolarized ligh^ 
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the pellicle would then eliminate another 50% of the remaining light Because of 
this, spatial light modulator 52 would receive only 25% of the potential 
illumination. It is instructive to note that, in image fonning assembly 10 as 
described above;» light intensity demands are nut severe and illumination is 
5 monochromatic for any given exposure, allowing the use of pellicle 220 as an 
alternative. 

(3) Use of alternate beam-steering components. Suitable alternatives for beam 
steering otlier than use of polarization beamsplitter element 50 or pellicle 220 
include a simple turning mirror or prism. 

10 (4) Use of transmissive LCD components for spatial light modulator 52. For some 
COM applications* there may be sufficient resolution and contrast available using 
a transmissive LCD spatial light modulator. As is shown in Figure II, use of a 
transmissive modulator for spatial light modulator S2 removes the turn in the 
optics path and can simplify the design. 

1 5 Because of the digital addressability of the LCD device and the 

flexibility in varying level of illumination, the printing solutions described above 
provide an adequate bit depth and reasonable timing for use in a COM printer. 
Using the printer of the present invention takes advantage of economical, 
commodity LCD technology to produce low cost, high resolutioii prints, with high 

20 productivity. 

The use of reflective liquid crystal technology allows for ytxy higji 
resolution two-dimensional printing. Furthemiore, the use of dithering, 
particularly sub-apertured ditheiing provides means to further increase the 
resolution and avoid artifacts due to modulator site failure. 

25 Prefencd Embodiment for Light Source 29 

Light source 29 of illumination optics 1 1 must provide 
monochromatic light at a wavelength that is best suited to the sensitivity of 
photosensitive media 1 60. in the present invention^ light source 29 is sel ectabi 
allowing printer 100 to utilize any of a number of different types of photosensitive 

30 media 1 60. In the preferred embodiment, light source 29 comprises one or nKsre 
LEDs, grouped by emitted wavelength. Refciring to Figure 12. there is shown an 
arrangement of LEDs within a circular eperim 20, for example: red wavelength 
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LEDs 14, green wavelength LEDs 1 6, andbluc wavelcnglh LEDs 18. With Ais 
anangement, the LBDs are distributed so as to provide exposure ligjit evenly. 
LEDs of a desired color are energized under the control of control logic processor 
2 ] 0, based on Ihc wavelength required for a specific photosensitive media 160. 
5 Using this illumination method, printer 1 00 can be automatically adapted to use 
one or another type of photosensitive media 1 60 and to provide the required 
cxpasurc characteristics needed by thai type of photosensitive media 160. For a 
photosensitive media 160 that is intended for exposure by red light, control logic 
processor 210 would enable red wavelength LEDs 14, for example. 

10 Referring to Figure 13, there is shown a cross -sectional view of 

red LEDs 14. green LEDs 1 6, and blue LEDs 18 mounted with coUimating lenses 
32 into a frame 1 9. hidividual colltmatihg lenses 32 are optional but might be 
usefiil to aid in encapsulation and position of LBDs 14, 16, and IS. 

Referring to Figure 14, there is shown anodier altmative 

15 embodiment using LEDs 14, 16, and 18. A rotatabl&LED wheel 26 comprises 
grouped LEDs 14, 16. and 18 that can be mtated into position by control logic 
processor 21 0 for pn)viding exposure energy. The arrangement of Figure 1 4 
might be most suitable where it is advantageous to obtain concentrated light 
energy from a close grouping of multiple LEDs 14, 16, and 18. However, the 

20 disadvantage presented using the arrangement of Figure 1 4 relates to rotation of 
rotatable LED wheel 26, since this requires an added motor or manual operation. 
The preferred embodiment would use distributed LEDs 14, 16, and 1 8 as shown in 
Figurv 12, arranged for selective energization as electronically switched by 
control logic processor 210 The arrangement of Figure 1 2 requires no moving 

25 parts and can be implemented at lower cost than that shown in Figure 1 4. 

LEDs 1 4, 1 6, and 1 8 would be specified based on exposure 
sensitivity characteristics of each type of photosensitive media 1 60 to be used in 
printer 100. A number of altranate arrangements are possible, including use of 
LEDs of any suitable color, emitting the desired wavelength. For example, 

30 different groupings of red LEDs could be used for ^pes of photosensitiYe media 
160 that differ only slightly in terms of wavelength response. A single LED could 
be used for any one photosensitive media 160 type; however, the use of multiple 
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LEDs provddes additional output intensity to be directed by iniagc forming 
assembly 10. 

Alternate Light Somce Options 

There are a number of less desirable alternatives for light source 29 
5 that would allow the use of multiple types of photosensitive media 160 to be used 
by the same printer 100. Referring to flic example of Figure 1 5, a halogen lamp 
21 8 could be used to provide a broadband light beam 226 that is transmitted 
through a selectable filter element 233a, 233b, or 233c contained in a rotatable 
filter wheel 224 to provide a monochromatic light beam 228. Selectable filter 

10 elements 233a, 233b, or 233c could he, for example, red, green, and blue filters. 
As another example, selectable filter elements 233a» 233b, or 233c could each be 
red filters, each filter optfanized for transmitting a different wavelength in the red 
visible region. In any event, monochromatic light beam 228 is output from light 
source 29 and is directed by image forming assembly 1 0 to provide exposure 

15 energy. 

Three filters 233a, 233b, or 233c are shown in Figure 15; however, 
fcwci or more filters 233a, 233b, or 233c could be deployed on rotatable wheel 
224. Use of rotatable wheel 224 allows one filter 233a, 233b, or 233c at atime to 
be positioned in the optics path by amotor 214 as controlled by control logic 

20 processor 210. Control logic processor 210 can include programming logicfhat 
provides instructions for which filter 233a, 233h, or 233c to use for a certain 
photosensitive media 160 type, for ezcample. 

Alternate means could be employed for switching tibe suitable filter 
233a, 233b, or 233c into tlic optics path. For exan^le, filter 233a, 233b, or 233c 

25 could be manually positioned in the optics path by an operator. 

It can be seen, however, that there are advantages in eliminating 
moving parts such as rotatable filter wheel 224. Alternative arrangements could 
employ multiple lairps 218 or even multiple lasers as alternate light source 29, 
However, arrangements such as these add cost, size, and complexity to the design 

30 of printer 100. 

In addition to providing light at specific wavelengths, the present 
invention also allows the use of different types of light sources within the same 
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printer 100. This would enable priater 100, for example, to use red LEDs 14 as 
light source 29 for one type of media and to use a halogen lamp equipped with a 
blue filter 33 (Figure 11) as light source 29 for a different type of media 
Different light sources 29 could be moved into or switched into place in the optics 
5 path in modular fashion, as needed, based on the media type loaded in printer 100. 

It can be seen that printer 100 can be adapted for monochromatic 
imaging onto photosensitive media 1 60 of different types by switching to the 
appropriate light source 29 using the apparatus and mcdiod disclosed herein. It 
can be appreciated that theiie could be a number of ways in which selection of a 
1 0 li^t source 29 could be made by an operator entry or action. 
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Automated Sensing of Media Type and Response 

As an option, an automated mechanism could be employed to sense 
a loaded photosensitive media 160 type and to automatically select the appiopriate 
5 light source 29 based on the type of media 1 60 sensed Referring back to Figure 
1 J a sensor 234, connected to control logic processor 2 1 0, is disposed to sense an 
encoding 236 that is cc3fuplcdto film supply 202. There are a number of possible 
configurations for sensor 234 and encoding 236» including the following, for 



example: 



Where encoding 235 has the 
form: 


Sensor 236 would be: 


Barcode or other optical encoding 


Barcode reader or other optical 
reader, such as built-in or hand-held 
scanner. 


Transponder containing a memoiy 
that includes identifying data for 
the media, such as an 
transpcmder, "SAMPT' (Selective 
Addressable Multi-Page 
Transponder), part number '*RI- 
TRP-IR2B" available firora Texas 
InstriuncntSji Incorporated. 


Transceiver, such as an RF 
transceiver, for example, "Model 
S2000"™ transceiver, available 
from Texas Instruments, 
Incorporated, located in Dallas, 
Texas, USA. 


Magnetically encoded strip 


Magnetic strip reader 


Memory device, such as an T- 
button, manufactured by Dallas 
Semiconductor Corp., Dallas, TX 


I-bulton reader 


Trace pattem, such as an embedded 
trace pattern 


Trace pattem reader 



10 

Encoding 236 could be printed or attached to photosensitive media 
1 60 packaging or could be provided from a network connection or manually 
enta ed by an qDerator. Using this option with the preferred embodiment, upon 
sensing media 160 type from aicoding 236. control logic processor 2 1 0 would 
1 5 respond by energizuag the appropriate LBDs for the media 160 type. 
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CLAIMS: 

1 . An apparatus for printing monochrome images from digital 
image data onto a selected photosensitive medium selected from a plurality of 
photosensitive media compatible with said monochrome printing apparatus, the 
apparatus comprising: 

a light source, which is selectable, for selecting, from a 
plurality of light source elements, a monochromatic light source that is suited to 
said selected photosensitive medium; 

a uniformizer for unifomiizing of light emitted from said 
monochromatic light source; 

a polarizer for filtering said unifiOTmizcd light to provide a 
polarized beam having a predetermined polarization state; 

a spatial light modulator having a plurality of individual 
elements capable of altering the polarization state of said polarized beam to 
(mvide an exposure beam for printing, the state of each of said elements 
controlled according to said digital image data; 

a first lens assembly for directing said polarized beam to 
said spatial light modulator, and 

a second lens assembly for directing said e3q)osure beam 
onto said selected photosensitive medium. 

2. The E^aratus of claim 1 wherein said spatial li^t 
modulator comprises a transmissive LCD. 

3. The apparatus of claim 1 wherein said spatial light 
modulator comprises a reflective LCD. 

4. The apparatus of claim 1 wherein said spatial light 
modulator comprises a digital micromirror device. 
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ABSTRACT OF THE DISCLOSURE 

A monochrome printer (100) and a method for printer optics design 
utilizing a spatial light raodulatOT (52), able to deploy a number of possible 
monochromatic light sources for use with a number of different types of 
5 photosensitive media (1 60), arc disclosed The printer provides high resolution 
and grayscale imaging capability for monochromatic applications such as 
micrographics and for diagnostic imaging. In the apparatus and method, 
illumination optics (1 1) receive a source hght beam, from one or more LEDs or 
from a number of other possible monochromatic light sources available on the 

1 0 printer ( 1 00), uniformize and polarize the beam, and direct the beam through a 
polarization beamsplitter element (50) The polarization beamsplitter element 
(SO) directs one polarization state of light to an LCD spatial light modulator (52). 
The LCD spatial light modulator (52) modulates the polarization of the polarized 
beam to provide output exposure energy suitable for image marking on diy or 

1 5 aqueous photosensitive media (160). An optional sensor (234) allows printer 
(100) to automatically select a monochromatic light source of appropriate 
wavelength for a given type of photosensitive media (160). 
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